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Abstract. For data collected with the CDF Run II detector, measurements of the charm and 
bottom production cross-sections are presented. The results are based both on large samples of 
fully reconstructed hadron decay products of charm and bottom made available by the tracking 
. triggers and on a calorimeter jet triggered sample tagged by the presence of a secondary vertex. 

The experimental data are compared with theoretical predictions from recent next- to-leading order 
(NLO) QCD calculations. 

o 

O ■ The CDF Run I measurements |Q]] of the ^-quark production cross-section compared 

with next-to-leading order (NLO) QCD theoretical predictions Q2|, |3|] yielded a ratio 
Data/Theory = 2.9 ±0.2(stat® syst pr ) ±0A(syst fc ) (see JU] for details). The appar- 
ent excess in the data over theoretical expectations had been established. The contro- 
versy has been subsequently re-examined by experimental and theoretical parties. The 
upgraded CDF and DO detectors at the Tevatron entered the Run II data-taking period. A 
dramatic theoretical advance also occurred: a new theoretical technique was developed 
^ ■ J2l|4|,|5|] , which implemented a re-summation at the next-to-leading-log (NLL) level. The 

formalism was applied both to a fixed order perturbative calculation and to extraction of 
the non-perturbative part of the fragmentation function from previous experimental LEP 
data JaQ]- As a result a Data/ Theory ratio (still for the CDF Run I data) was decreased 
from 2.9 to 1J ±0.5(exp) ±0.5(theory)^Q. 

The upgraded tracking of the CDF II detector provided an excellent opportunity for 
heavy-quark physics measurements. The fine track impact parameter (do) resolution of 
the CDF silicon tracker SVX-II made it possible to implement a new displaced track 
trigger selecting events with a pair of high pj and large do tracks. This trigger yielded a 
large data sample dominated by charm states decaying through hadron modes including 
D° -> K n + , D+ -> K~K + n + , and D*+ -> D°n + 2 . CDF has measured [8] the direct 
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production cross-sections of D-meson species. As both prompt and secondary (from b- 
quark decays) D-mesons contribute to the visible yield, the prompt fraction of the signals 
was extracted by fitting the shape of the impact parameter distribution for each particular 
hadron mode. The experimental results shown at Figure[T]have been compared with fixed 
order NLL (FONLL) calculations made for the charm sector [9]. The agreement seems 
to be moderate, with data lying at the upper bound of the theoretical uncertainties. 
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FIGURE 1. The differential D°,D + ,D* + and D+ cross-section distributions measured H] with the 
CDF II detector. The theoretical predictions are shown as a shaded band. 

Another tracker-based trigger exploits the CDF central tracking chamber, for which 
reconstructed tracks are matched with hits in the muon chambers. At the highest Level- 
3 trigger a pair of muon candidates having opposite charge is reconstructed, and only 
pairs with an invariant mass M(/i + /i~) G [2.7,4.0] GeV/c 2 around the mass of the 
7/y are accepted. This large triggered data sample of mesons is used to measure 
the inclusive cross-section for Z?-hadrons, H b — > J/xjfX . The J/y from the decay of 
Ht, is likely to be displaced from the primary vertex where b-hadrons are assumed 
to be produced. The maximum likelihood fit of the pseudo-proper time cx = ■ 
(M/pj) in bins of pj (//v) finds the £>-fraction ft of yield in every pj bin. 
The measured II 1011 differential Z?-hadron cross-section spectrum is shown in Figure 
where it is compared with FONLL calculations 111 ill . The integrated total cross-section 
was found to be a(pp — > H b ,H b — > J/y/ ,p T {J/w) > l.25GeV/c,\y(J/\j/)\ < 0.6) = 
0.330 ± 0.005(stat)to^{syst) ^ib. 

Heavy quark jets are good observables as their experimental energy spectra do not 
depend on knowledge of heavy-quark fragmentation functions, contrary to the cases 
discussed above. The systematics due to decay properties of heavy hadrons are reduced 
as well. The predictions of NLO models are expected to be more precise and less 
sensitive as collinear gluons causing large log-s are counted in jet cones. The CDF II 
Z?-jet cross section measurements are made with a ~ 300 pb -1 data sample triggered 
by inclusive jet triggers based on the CDF II calorimeters. The £»-jet production study 
extends the pj reach beyond the [1.25, 25]GeV/c range accessible with final heavy 
hadron modes. The central jets of rapidity range \Y; et \ < 0.7 are reconstructed in Y-0 
space using a cone-based iterative MidPoint algorithm II 1 211 with a cone radius R CO ne = 
0.7. The hadronic energy scale of the jets is corrected and unfolded to the hadron 
particle level using Monte Carlo (MC) data samples. Additional correction is applied 
for ambient energy flow into the jet cone due to the underlying event. As ^-quark decay 
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FIGURE 2. The differential cross-section for pp — > H b X,H b — ► J/yfX, andJ/y/ — > jU + ^i~ with 
ly(7/V/)l<0.6 and (,//y/)>1.25GeV/c. The theoretical predictions are outlined in iTHl . The central 
theoretical values underestimate the data points below ~ 7.5GeV/c and overestimate the ones above 
-7.5GeV/c. 

products within the jet cone are also likely to be displaced from the primary vertex, 
reconstructed tracks are matched with the jet cone and required to have a displaced 
impact parameter do. Furthermore these tracks are fitted to a common secondary vertex, 
and the corresponding secondary vertex decay length is required to be significantly 
above zero, L xy /or > 3.0. The jet satisfying these conditions is positively tagged 

xy 

as b-jet candidate. The tagged jet is likely to contain a decay vertex of b-, : or light 
quarks (e.g. s- quark). Hence again the ^-fraction must be extracted. A fit of the 
reconstructed secondary vertex invariant mass distribution to MC templates of b- and 
non-b components of positively tagged jets finds an ft, for tagged jets in every pj 
bin. The comparison of CDF II preliminary Z?-jet cross-section measurements to NLO 
predictions by S. Frixione et al. (see e.g. tl3J) with parton distribution function (PDF) of 
version CTEQ6M is shown in Figure |3j The statistical and systematic errors on the last 
bins are dominated by the error on the b-tagged jets fraction. One of the main systematic 
error contributions comes from the jet energy scale. 

In conclusion, CDF II has measured inclusive production cross-sections in the central 
rapidity region at y/s = 1 960 GeV for D-mesons in exclusive decay modes with pj (D) > 
5.5GeV/c, for fr-hadrons in decay modes containing 7/y in a pj range of ~ to 
20GeV/c. The data and some recent theoretical calculations show reasonable agreement 
within experimental and theoretical uncertainties. CDF II has presented preliminary 
results on central production of b-tagged jets in a wide range, from 38 to 360GeV/c. 
The measurements are also in agreement with the most recent NLO predictions given 
theoretical and experimental uncertainties. 
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FIGURE 3. The comparison of b-jet cross-section measurements with NLO predictions by S. Frix- 
ione et al. made at the hadron level. 
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